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EXAMPLE 4-1

A Steady Two-Dimensional Velocity Field

A steady, incompressible, two-dimensional velocity field is given by
05 + 0.8x)i + (1.5 — 0.8y)]
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EXAMPLE 4-2 Acceleration of a Fluid Particle through a Nozzle

Nadeen is washing her car, using a nozzle similar to the one sketched in
Fig. 4-8. The nozzle is 3.90 in (0.325 ft) long, with an inlet diameter of
0.420 in (0.0350 ft) and an outlet diameter of 0.182 in (see Fig. 4-9).
The volume flow rate through the garden hose (and through the nozzle) is
V = 0.841 gal/min (0.00187 ft3/s), and the flow is steady. Estimate the
magnitude of the acceleration of a fluid particle moving down the centerline
of the nozzle.
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EXAMPLE 44 Streamlines in the xy-Plane—An Analytical
Solution

For the steady, incompressible, two-dimensional velocity field of Example 4-1,
plot several streamlines in the right half of the flow (x > 0) and compare to
the velocity vectors plotted in Fig. 4-4.

—

V= (uv)=1(05+08x)i + (1.5 — 0.8y);



dy v 15—08y

dc u 05 + 0.8«

dy B dx
15 — 0.8y 0.5 + 0.8x

J dy J dx
% —
1.5 — 0.8y 0.5 + 0.8x

C

Y7 0.8(0.5 + 0.8%)

+ 1.875

RN
1\ S
e
0?// /?
) (|)H”1|H|‘2II I3II I4”HISIII



ol dd

Sl OL 2 b ghast Sl (gl 4 sazme Juld OL > 4

55,5 dalps b 1 0L bt SO b ol ol ST b 1B 1y S0 den 0L o bglast O
Dy oo 3gdome 0L ) SO s 4 b &S aze o

Lowa gl dosd gl oS OL = sla ) 5 b lax

Streamlines

/E‘;I'eamtube



V : e \
} - 7
. = :
I = T
’l = L
/’
(a) (b)

(oJ.sj.J:JVJ )‘.,L:[;’.& C/SJP-) (o...\.:j.&.,\.s )‘J.:U.JJ C.',SJ?-)



o—————

|
|
|
o i
I |
————— ]
/J\\
\
I/ \
®) ( >3
N 7
N /
N s
v
.
|
|
() = | o
L— |
N
.-’I
-~ /
I /
@ i At
{ —
/ -
/I _ -~

b2 59 Jlw
358 Jd Sl Llg e 0L = d= sl
1O peew S 55 J g2 gl
(@) trandation,
(b) rotation,

(c) linear strain,

(d) shear strain, ) 517 JB Jbo o3 Jlow o k0



-1 >

| ]
I~




(G555 5403) Jlow s 53 510 o5 35
Sl sl eyl @
ﬁ@ﬂgjwﬁojojw\

ol Sl s 0 e S5 033 S 4 5 L
o o bl ol a0 Fo L s a5 sles 0
S3h oo o b sl Ol e ik 5l e e 3
g U e ST IS ERAY

Jﬁﬂ)bb&bsmu

Jajﬁdo%@'gf)bb 6}‘J§Yot§%.})b o



(el o) J o8 x> s (5 39

w\q\jv}.&jg\x\

el i O1 53 oy Gy piie 3 3l Sl @

3,3 OT‘U.J;"@SW)‘ gL g se Gk sleys 0
Jﬁ:@@uoug

3 90 b3y s o3l SY ol uus o o8 Rl e

LS e B



ol 99 (o S 30 L glis




Reynolds transport theorem (RTT)  jua8 i y JGi (g 493

("'?"'°KJ‘€.J}M°[§J‘:’.J &ﬁwkuﬂﬁ[ﬁ J
J s

IS a3 b ol usd Sley 75 0k o = 5o e 6 03

Control
volume



133 w98 sl (il g

o (G 8158) O3 e oSl (Spd il g 3 Sl S0 (g el
A5l

Obe adaly 5 Jbw o 33 056 JT o) 58 056 w5L) (ol Lails ol o o Ui 5153 %0
Sed ool s OV¥slee 4 meie (55 5 A

e sl 056 )
(o €S Gl&) s pys O 50

(55 i) Sealusge 5 Jsl O 50 }

Serlespa 5 093 056

sl asly Ol 0§ )



P2 sl el

am _ Sl Tl o A e G 3
at
M = [ rdv
(s 915 Slis) (igs pgd 96

P d, . dn. dv __

(MV) =—V+mM—=ma
dt dt at at

L, > F



(52 i) Swoladgo i Jgl 9o

U&@Lﬂﬁ PEBE LS}f‘)’M@ﬁ“W&JJJSJuﬁM
dQ-dwW =dE

ol d g0 3 p 90 (498

ds> 92
T



Sl Vgl y AT 9l

—

vi - aft
dt
M=0 — H =constant



J S a3 g (o SO J90 9 o bl

iy o8
‘m
E
N=!P L3l D3 s S| aseia ool S Olye 4 NS
H
(S Sy iy 5 N Ol @ pes o Al 3 Nl ¥



JJ‘DJ‘J}J}SWJJ&SQJW“:":OMJJW_Z'

O a5 6,505 Sl 50l 5l J 28 e 5 L3 e Sl 2 by + AL 0L 55 -0
Ll oo 35l




Ll ol e OF & a5l s D153 48 J 28 om0 (sl aU =

- .
’— ‘\

/ ~




t0+At4.h>J)JQbJW—\/

1l + 111

N N + N

9ys., t=ty+At I, t=ty+At 11, t=ty+At

Ns]s.,t=t0+At NCV,t=t0+At o NI (=t +At T NIII =t +At



dNS/s — Iim N%/s.,t:tO+At o Na/s.,t=tO

dt At—0 At
dNS_/s — Iim NCV,t=t0+At o Nl,t:t0+At T NIII,t:t0+At - NS/S.,'[:tO

dt At—0 At

 lim Mt

st_,/s — lim NCV,t=t0+At — Ns/s.,téfg j— lim NIII,t=t0+At - Nl,t:t0+At

dt Ao At At—0 At
dNS]s — lim NCV,t=t0+At o NCV,t:t0 + lim I t=ty+AL lim Nl,t=t0+At

dt At—0 At At—0 At At—0 At

® ©



@Q)Lo,— Q.bjﬂg:,ww\.g—‘\

lim NCV,t:t0+At o NCV,tzto _ aNCV _ 0 J‘h r dv
At—0 At ot ot

jh r dV‘t=t0+At

lim = lim !
At—0 ’[ At—0 A’[

Ny, t=t, +At

o




e R PGPS Bt | | [PYEH U PRCH FLHIPCRNTRC RS SE I ERE
T 4w T 5T amU o o 50 Sl s OL3 lav 5 sl g0 SCal

= S~ 4"'_~N\ Y ‘




o 51l puw&bjfj\v:w&bbhwijWB)ﬁp&ATwW—\\
Tt

1 s D3 At Ol s o

J.ZLSLSAJJ..&‘\.:}U‘)J




oJ;)ﬁ.@QbSﬁ& VAt dA

OJ;)‘)&Q‘)Jf’f rVAt dA

ISt S 0 hey At dA

C)J\.AJJCJ\)S ja..»j.:)jé




s Q\ﬁ»@é\c\wbw\&(&x&l{md&)ﬁﬁcb.wj\ds}wa)yg&bbw:4.:.(3
Ll

loF e s ey VLA AL DA




IIIJ“ “.?'L’L)?’Q\Jshﬂfjfj‘°3j§)fpwbd‘ﬂ°Cj_\Y

1 h rv.nAt dA

Al

N Jh r dv‘t:t0+At
- Hl, t=ty+At - 1 . — A
> lim = lim = jh r v.ndA
At—0 At At—0 At

CS, I




@ - ' OJJJT C;MJ.,_\Y'

‘[h r dV‘t=to+At (3 ailme L)

N, | A
© = lim —== = — lim =—(- jh r v.h dA)
At—0 At At—0 v
CS, |
Outflow: Inflow:
6 < 90° Inflows :\

V.n'=1VIln cos @ = Vcos 6

If 6 < 90°, then cos € > 0 (outflow).
If @ > 90°, then cos 8 < 0 (inflow).
If 6 =90°, then cos € = 0 (no flow).




C}Buﬁsjs—\f,

+@» [hrv.ada+ [hrv.Ada=[hrv.AdA
CS

CS, Il . CS, |

N :
~ St




C,B,A_sS;-Vo
@++©$

dN N — N N
CV, t=t,+At CV , t=t [, t=t,+At |, t=t,+At
= |lim ot ° + lim o lim ot

At—0 At At—0 At At—0 At

b aN :—jh rdV+_[h r v.ndA




S S

dN d

> — = |h rdV+jh r v. A dA
at dt s, 2
Ney = [hrav S IS e 53 Sasd Ll
CVv
JJLS > ;wa. w'“~'0:¢
ENCVZE hrdVv e L
dt d.I:CV

g S w el Uy e JS e Lap Clw g L %

dN 0 )

¥ j—(h r)dV+jh r v. A dA
CVat CS

dt




oS =11

b b S o 6l 35 s
Al e 53 Jlw oo o Gl a0 el JSK S b 2SI 5 J S am 45 il (1
Jﬂwo:@\d}ﬁv»MWQTWQ&ﬁj‘
dNg,
at

: [hrav+[hrv.iAdA
dtCV CS

N\

— —

V. =V-V,



Absolute reference frame: Relative reference frame:

Control volume Control volume

N

FIGURE: Reynolds transport theorem applied to a control volume moving at constant velocity.

This represents the velocity at which an observer moving with the control volume (moving
with the car) would observe the fluid crossing the control surface. In other words, V the
fluid velocity expressed relative to a coordinate system moving with the control volume.



